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The development and analysis of quantitative models for losses in large 
portfolios of insurance contracts or financial assets has been an area of interest 
for practitioners, regulators and academics for several years. These models aim 
at capturing the losses due to default events or adverse movements of asset 
prices. In fact, most financial institutions are now routinely using risk 
management systems to adequately control their risks or to suitably allocate 
their capital. This has been driven by either internal requirements (efficient use 
of capital invested by shareholders, development of new business lines) or 
external constraints (Capital Adequacy Requirement  of the Basle Committee on 
Banking Supervision, prudential rules imposed by European or American 
regulators on financial institutions). Clearly, the dependence between financial 
instruments materially affects risk measures and asset allocations resulting from 
optimal portfolio selections. The analysis of the dependence structure cannot be 
neglected and reveals much of the danger associated to a given position. 
 
 
In actuarial science, the increasing complexity of insurance and reinsurance 
products has led to increased interest in the modeling of dependent risks (think 
of the emergence of multi-line products which require sophisticated risk 
evaluation mechanisms, for example applicable to packaged products in car 
insurance). Also, Dynamic Financial Analysis provides actuaries with an 
integrated risk management technique. Its main characteristic is to integrate the 
investment and underwriting risk to which an insurer is exposed. DFA 
necessitates a model that combines information on marginal distributions 
together with ideas on interdependencies. 
 
 
Unfortunately, contemporary techniques too often revolve around the use of 
linear correlation to describe a dependence between risks and implicitly assume 
normally distributed risks (mainly for mathematical convenience). But what 
does positive correlation really mean? In the normal world, positive correlation 
entails strong positive dependence notions. However, dependence properties of 
the normal world no more hold in the non-normal world. Modern risk 
management calls for an understanding of stochastic dependence going beyond 
simple linear correlation. In that respect, dependence concepts like 
comonotonicity, multivariate total positivity, conditional increasingness in 
sequence, association and positive quadrant dependence (and its multivariate 




In the management of large portfolios, the main risk is the occurrence of many 
joint default events or simultaneous downside evolution of prices. An accurate 
knowledge of the dependence between financial assets or claims is crucial to 
better assess this risk of loss clustering and therefrom achieve a performant risk 
management in finance and insurance. This clustering behaviour can be 
described by a useful concept known as positive quadrant dependence (PQD) for 
bivariate distributions and positive orthant dependences (POD) for dimensions  
higher than two. This type of dependence tells us how two, or more, random 
variables behave together when they are simultaneously small (or large). More 
precisely two random variables are PQD if the probability that they are 
simultaneously small is at least as great as it would be were they independent.  
 
 
One of the main interest of this dependence structure is that it allows the risk 
manager to compare the sum of PQD random variables with the corresponding 
sum under the independence assumption. The comparison is in the sense of 
different stochastic orderings expressing the common preferences of rational 
decision-makers (in the framework of the classical von Neuman-Morgenstern 
expected utility theory, as well as in other theories). 
 
 
Finally let us remark that financial security systems are generally complex, and 
their outcomes usually involve several dimensions. Describing relationships 
among different dimensions is a basic technique for explaining the behavior of 
risk control mechanisms to concerned business and public policy decision-
makers. In that respect, copula functions can be of great usefulness for risk 
managers and actuaries. The concept of ‘‘copulas" or ‘‘copula functions" 
originates in the context of probabilistic metric spaces. The idea behind this 
concept is the following: for multivariate distributions, the univariate marginals 
and the dependence structure can be separated and the latter may be represented 
by a copula. The word copula is a latin noun that means ‘‘couple", and is used in 
grammar and logic to describe that part of a proposition which connects the 
subject and predicate. In statistics, it now describes the function that ‘‘couples" 
one-dimensional distribution functions to form multivariate ones, and may serve 
to characterize dependence concepts such as PQD and POD. 
  
 
The paper contains a review of several stochastic order relations. We also recall 
the notion of copula functions, and the classical Sklar’s representation theorem 
for multivariate distributions. This is needed since specification of hypotheses in 
terms of distribution functions (specification in terms of loss levels) or copulas 
(specification in terms of probability levels) will lead to different inferences. 
The interest of PQD and of some of its multivariate extensions is illustrated with 
the help of various useful stochastic inequalities. Relevant examples come from 
measurement of inequality and poverty, as well as from life insurance. Testing 
procedures for the presence or absence of PQD are developed. These procedures 
are closely related to the inference tools  for traditional first order and second 
order stochastic dominance, which also rely on distance and intersection-union 
tests for inequality constraints. An empirical illustration on US and Danish 
insurance claim data is described. Therein we provide a comparison of 
premiums computed under different dependence assumptions, and discuss effect 
of PQD on the pricing of reinsurance treaties. 
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International Center FAME - Partner Institutions 
 
 
The University of Geneva 
The University of Geneva, originally known as the Academy of Geneva, was founded in 1559 by Jean Calvin 
and Theodore de Beze.  In 1873, The Academy of Geneva became the University  of Geneva with the 
creation of a medical school.  The Faculty of Economic and Social Sciences was created in 1915.  The 
university is now composed of seven faculties of science; medicine; arts; law; economic and social sciences; 
psychology; education, and theology.  It also includes a school of translation and interpretation; an institute of 
architecture; seven interdisciplinary centers and six associated institutes. 
 
More than 13’000 students, the majority being foreigners, are enrolled in the various programs from the 
licence to high-level doctorates. A staff of more than 2’500 persons (professors, lecturers and assistants) is 
dedicated to the transmission and advancement of scientific knowledge through teaching as well as 
fundamental and applied research. The University of Geneva has been able to preserve the ancient European 
tradition of an academic community located in the heart of the city. This favors not only interaction between 
students, but also their integration in the population and in their participation of the particularly rich artistic and 
cultural life. http://www.unige.ch 
 
The University of Lausanne 
Founded as an academy in 1537, the University of Lausanne (UNIL) is a modern institution of higher 
education and advanced research.  Together with the neighboring Federal Polytechnic Institute of Lausanne, 
it comprises vast facilities and extends its influence beyond the city and the canton into regional, national, and 
international spheres. 
 
Lausanne is a comprehensive university composed of seven Schools and Faculties: religious studies; law; arts; 
social and political sciences; business; science and medicine. With its 9’000 students, it is a medium-sized 
institution able to foster contact between students and professors as well as to encourage interdisciplinary 
work. The five humanities faculties and the science faculty are situated on the shores of Lake Leman in the 
Dorigny plains, a magnificent area of forest and fields that may have inspired the landscape depicted in 
Brueghel the Elder's masterpiece, the Harvesters.  The institutes and various centers of the School of 
Medicine are grouped around the hospitals in the center of Lausanne. The Institute of Biochemistry is located 
in Epalinges, in the northern hills overlooking the city. http://www.unil.ch 
 
The Graduate Institute of International Studies 
The Graduate Institute of International Studies is a teaching and research institution devoted to the study of 
international relations at the graduate level. It was founded in 1927 by Professor William Rappard to 
contribute through scholarships to the experience of international co-operation which the establishment of the 
League of Nations in Geneva represented at that time. The Institute is a self-governing foundation closely 
connected with, but independent of, the University of Geneva. 
 
The Institute attempts to be both international and pluridisciplinary. The subjects in its curriculum, the 
composition of its teaching staff and the diversity of origin of its student body, confer upon it its international 
character.  Professors teaching at the Institute come from all regions of the world, and the approximately 650 
students arrive from some 60 different countries. Its international character is further emphasized by the use 
of both English and French as working languages. Its pluralistic approach - which draws upon the methods of  
economics, history, law, and political science  -reflects its aim to provide a broad approach and in-depth 
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